Yeast two-hybrid assays were performed using the Matchmaker™ gold Yeast two-Hybrid Systems (Clontech).
0 7
Different truncated CDS of EcaICE1 without transcriptional activation activity and EcaSIZ1 were subcloned into 1 0 8 pGBKT7 and pGADT7 vectors to fuse with the DNA-binding domain (DBD) and activation domain (AD), 1 0 9 respectively, to create different baits and preys (primers are listed in Supplemental table S3 ). Then, different 1 1 6 1 1 7 Transcriptional activation assay 1 1 8
The full-length ORF of EcaICE1 and EcaSIZ1 were recombinated into pGBKT7 vector, respectively, and 1 1 9 co-transformed into yeast strain gold Y2H. Then we found that both EcaICE1 and EcaHOS1 had strong 1 2 0 transcriptional activation activity (results are listed in Supplemental Figure S4 ). So we further performed 1 2 1 transcriptional activation assay for EcaICE1. Different truncated coding regions of EcaICE1 (EcaICE1 T1~T6 ) 1 2 2 were recombinated into pGBKT7 vector, then followed Y2H assay, adding 0, 125, 250, and 500 μ M AbA, to 1 2 3 further discover the critical region of transactivation activity for EcaICE1. The primers were listed in Supporting 1 2 4 Information Table S3 .
The gene amplification and sequencing analysis of EcaICE1 and EcaSIZ1 1 2 8
The multiple alignments of plant ICE1 protein sequences ( Figure 1) shows that the EcaICE1 protein has a highly 1 2 9
conserved MYC-like bHLH domain (basic helix-loop-helix) and a zipper structure at the C-terminus, and an 1 3 0 S-rich (Serine-rich) acidic domain at the N-terminus. In addition, the SUMO binding site is also present in 1 3 1 EcaICE1 and the other two Eucalyptus ICE1, and it is identical to ICE1 from A. thaliana and Capsella 1 3 2 buras-pastoris, but slightly different from the other woody plants. Furthermore， the 363-381 position of EcaICE1 1 3 3 protein is a nuclear localization signal, as shown in the NLS(Nuclear localization sequence)box, which means 1 3 4 that it may be located in the nucleus. However, it is interesting that only Eucalyptus ICE1 proteins have a Q-rich 1 3 5 (Glutamine-rich) domain, suggesting that Eucalyptus ICE1 proteins might have different characteristics with the 1 3 6 other plants.
3 7
The amplified EcaSIZE1 cDNA is 2847bp with a full ORF (2616 bp) encoding 872 amino acids. BLAST 1 3 8 analysis illustrates that EcaSIZ1 shares a high sequence identity with other plant SIZ1-like proteins, such as E. Previous report showed that SIZ1 could interact with ICE1 to regulate its transcriptional activity in A. thaliana, 1 5 7 which plays an important role in response to cold stress (Miura et al. 2007) . In order to investigate whether 1 5 8
EcaSIZ1 could also interact with EcaICE1 in E. camaldulensis, the protein-protein interactions between 1 5 9
EcaICE1 with EcaHOS1 were first analysed using BiFC assay in tobacco leaves. The YFP fluorescent signal was 1 6 0 observed at the nucleus when EcaICE1-pSPYCE was co-transfected with EcaHOS1-pSPYNE ( Figure 4 ). In To further discover the protein-protein interaction region between EcaICE1 with EcaHOS1, we performed the 1 6 7 Y2H assay. It was surprised that not only EcaICE1 but also EcaHOS1 had strong transactivation activity when 1 6 8 their full-length sequences were fused into the pGBKT7 vector and co-transfected with pGADT7 empty vector, 1 6 9 respectively ( Figure S4 ). In order to remove the effects of strong transactivation activity on protein-protein 1 7 0 interaction, we further characterized which region of EcaICE1 acts as transcriptional transactivation, Y2H assays 1 7 1 were carried out using intact or truncated EcaICE1 as an effector ( Figure 5A ). The transfected yeast cells 1 7 2 harboring either the full-length EcaICE1 (pGBKT7-EcaICE1) or the truncated version (EcaICE1 T1 (1-41a); 1 7 3 EcaICE1 T2 (1-83a)) grew well on the selection medium SD/-LWHA, suggesting that the N-terminal 1-83 residues 1 7 4 are not necessary for transactivation activity of the EcaICE1. In contrast, when the N-terminal amino acids of the 1 7 5 other truncated version (EcaICE1 T3 (1-125aa); EcaICE1 T4 (1-184aa); EcaICE1 T5 (1-316aa); EcaICE1 T6 (1-360aa)) 1 7 6
were deleted, no interactions were detected ( Figure 5B ). Taken together, these results demonstrate that amino It is reported that China is the world's second largest wood consumer and the first largest wood 1 9 0 importer (Lin 2019 ). At present, Chinese annual wood consumption has exceeded 600 million cubic meters, 1 9 1 and its wood demand has become more than 50% dependent on imports. Eucalyptus, the main trees of 1 9 2 man-made forest in South China even whole China, plays an important role in Chinese wooden market ( Li 1 9 3 et al. 2017 ). However, low temperature is a primary disadvantage factor, which causes the biomass to fall, 1 9 4 and limits the development of its health (Janmohammadi et al. 2015) . As the result, it is important to reveal 1 9 5 the molecular mechanism of cold stress in Eucalyptus for improving the cold tolerance on the inheritance 1 9 6 level as well as expanding the growing in northern region. In Arabidopsis, the cold signaling pathways, 1 9 7 ICE-CBF-COR pathway (Ding et al. 2015; Shi et al. 2018 ) and ICE-CBF pathway is positively correlated 1 9 8 with response to low temperature stress (Lin et al. 2014) , had been studied clearly while the research of 1 9 9 subcellular localization, transcriptional activation and interactions with upstream regulators in E. 2 0 0 camaldulensis has still uncertain. Therefore, we further analyze the subcellular localization, transcriptional 2 0 1 activation of EcaICE1, and EcaSIZ1 (the homologous gene of SIZ1) was cloned to determine the protein 2 0 2 interactions between EcaICE1 and EcaSIZ1 as well as the key region by BiFC and yeast two-hybrid system 2 0 3 technology for exploring the SUMOylation pathway of EcaICE1. 2 0 4
According to the multiple comparison of EcaICE1 protein sequence, these is a nuclear localization 2 0 5 sequence signal in its bHLH-ZIP domain, indicated that EcaICE1 may be located in nucleus. Further, the 2 0 6 analysis of subcellular localization demonstrates that EcaICE1 is really located in nucleus, which is similar 2 0 7 to P. ussuriensis (Huang et al. 2015) and H. brasiliensis (Deng et al. 2017) as well as according with the 2 0 8 characteristics of transcription factor family of plant bHLH (Gabriela et al. 2003) . Above all, EcaICE1, 2 0 9 located in nucleus, may play a regulatory role in the molecular mechanism of cold stress. What is more, we 2 1 0 further found that the EcaICE1 84th to 95th amino acid of N-terminal, which is the Glutamine-rich domain, 2 1 1 was identical with its homologous gene of ICE1 in E. grandis and E. globulus, and this domain only was 2 1 2 found in the ICE1 homologous protein in Eucalyptus. Interestingly, it was found that EcaICE1 protein had 2 1 3 strong transcriptional activation activity. Similar results were also reported on the ICE1 in P. ussuriensis 2 1 4 that the SUMOylation pathway is mainly mediated by the SUMO E3 ligase SIZ1. Currently, SIZ1 genes 2 2 7 have been isolated from plants such as rice (PARK et al. 2010) , Dendrobium nobile (Liu et al. 2015) , apple 2 2 8 (Zhang et al. 2016 ), soybean (Cai et al. 2017 ) and tomato (Zhang et al. 2017 ), but no study on cloning the 2 2 9 gene SIZ1 and its interaction with ICE1 in forest trees. The coding sequence of EcaSIZ1, which was 2 3 0 isolated in this study, is similar to the cloned SIZ1 protein in the above plants, and also has similar protein 2 3 1 secondary domains such as MIZ1/SP zinc finger domain, SAP domain, PINIT domain, SXS domain and 2 3 2 PHD domain. Among them, MIZ1/SP zinc finger domain is associated with SUMO E3 ligase activity, and 2 3 3
The SXS domain is associated with binding of SUMO (Miura et al. 2007 ). The SAP domain promotes 2 3 4 binding to DNA, PINIT domain is related to intracellular retention. The above plant SIZ1 proteins are 2 3 5 located in the nucleus and EcaSIZ1 protein should also have this conserved domain, so it indicated that 2 3 6 EcaSIZ1 may be located in the nucleus too. PHD domain is a plant homologous domain, which only exists 2 3 7 in SIZ1 proteins in plant (Park et al. 2010) . Meanwhile, EcaSIZ1 protein shared more than 70% identity 2 3 8 with other woody plants at the SIZ1 homologous protein level, indicating that EcaSIZ1 is the SIZ1 gene 2 3 9 from E. camaldulensis, and its encoded protein may have SUMO E3 ligase activity and mediate 2 4 0 SUMOylation in the nucleus.
4 1
BiFC assay showed that EcaICE1 and EcaSIZ1 had the protein interaction in plant nucleus, but which 2 4 2 region of EcaICE1 was the key region of protein interaction is still unknown. Therefore, using EcaICE1 2 4 3 with different truncated lengths without transcriptional activation activity as decoy protein, the 361th to 2 4 4 557th amino acid region at the C-terminal of EcaICE1 protein where was the key region of its interaction 2 4 5 with EcaSIZ1 was further identified by yeast hybrid technology. The protein sequence of EcaICE1 in this 2 4 6 region contained a SUMO domain, which was completely consistent with the result of A. thaliana, 2 4 7 suggesting that the process of ICE1 SUMOylation, mediated by SIZ1, might be similar to A. thaliana 2 4 8 (Miura et al. 2007) . As for whether EcaSIZ1 has SUMO E3 ligase activity and whether it could couple with 2 4 9
EcaICE1 forming the SUMO coupling for playing a role in cold toleration in plant, need further 2 5 0 experiments to confirm. 2 5 1 
